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Abstract 
The purpose of this research was to monitor the manganese (Mn) content of forage from perennial grassland 
microecosystems situated in the west part of Romania. Mineral and organic fertilization, since 2003, influenced 
the microecosystems conditions. It was used fermented sheep manure as organic fertilizer. Calamagrostis epigejos, 
Festuca rupicola and Trifolium repens represented mainly the Poaceae and Fabaceae families of grassland floristic 
matrix. It was determined the spring Mn content in the middle and at the end of May by ContrAA300 High-Resolution Continuum Source spectrometer of Analytik Jena. It was selected a number of 17 variables to 
compute the PC&CA model. The first three components described around 75% of total variance. The correlation 
coefficients for spring Mn contents of forage and mineral fertilization data were high, in 0.6 – 0.9 range. The 
correlation coefficients between fermented sheep manure data and spring Mn contents of forage were negatively.   Keywords:  fertilization, grassland, heavy metals, multivariate analysis.
INTRODUCTION   
To monitor the qualitative parameters of the 
grassland floristic symphony, as source of forage 
for animals feeding, must be a guaranty to obtain 
a qualitative row matter with animal origin for 
food industry. Manganese (Mn) is one of the most 
important parameter that it is recommendable to 
be quantifying for forage quality characterization. The state of art highlights manganese both as 
essential and potential toxic element. Organisms 
need Mn as essential mineral for surviving, 
especially as astrocytes (Erikson and Aschner, 
2006) and metalloenzymes constituent (Kizaki 
et al. 1993; Cailliatte et al. 2010; Eijkelkamp 
et al., 2014). Mn is involved in DNA synthesis, 
carbohydrates and proteins metabolism (Cailliatte 
et al. 2010; Markiewicz-Górka et al. 2015), 
protection against the oxidative stress (Kizaki 
et al. 1993; Hur et al., 2003; Holley et al., 2011; 
Eijkelkamp et al., 2014; Markiewicz-Górka et 
al. 2015), photosynthesis (Millaleo et al., 2010; 
Fernando and Lynch, 2015; Leplat et al., 2016), etc. 
According with Neal and Guilarte (2012), 
Mn is the second heavy metal, following iron, as 
abundance. The oxidation state of Mn in soil can 
be 0, II, III, IV, VI and VII. In vegetal and animal 
organism Mn can be find in II, III and IV oxidation 
state, the most bioavailable being divalent manganese (Millaleo et al., 2010; Fernando and 
Lynch, 2015). In plant, Mn is responsible for 
the activation of more than 35 enzymes (Leplat 
et al., 2016). Mn content under the necessary 
request quantity can be dangerous for the 
plants chloroplasts (Millaleo et al., 2010), being 
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responsible for decreasing of the plants growth 
and productivity, lower resistance to the pathogens 
and tolerance against the freezing temperature 
(Socha and Guerinot, 2014). In animal organism, 
the Mn nutritional necessary depends by the 
species, age and physiological stage. In UE, the 
maximum authorized Mn total content in animal 
diet for food-industry is 150 mg/kg (Register-
EC-No 1831/2003). According with Hidiroglou 
(1979) and Kisidayova et al. (2018), ruminants 
used only 1% of the Mn from the diet. That’s way, 
for an optimum performance of ruminants, it is 
recommended minimum 40 mg Mn/kg in the 
forage (Khan et al., 2015; Hidiroglou, 1979). Below 
this limit, it is possible to appear imbalance of Mn 
bioavailability in ruminant feed. In sheep case, 
Zhang et al. (2018) recommended 3.7 mg/kg BW/d 
as net Mn necessary for maintenance. Mn deficit 
in animals could generate fertility problems, for 
both male and female, correlated with functional 
deficiencies of some endocrine glands (Kumar et 
al., 2011).  
On the other side, as potential toxic element, 
Mn was reported especially related with chronic inhalation as oxides (Cailliatte et al. 2010; 
Frick et al., 2011), in case of doses higher than 
the threshold limit value established at 1 mg/
m3,according with NIOSH standards (Erikson and 
Aschner, 2006; Mirmohammadi, 2014). In human 
and animal organisms, Mn toxicity can generate 
neurodegenerative disorder and neuropsychiatric 
disturbances at central nervous system level 
(Erikson and Aschner, 2006; Santamaria, 2008; 
Bhuvaneswari et al., 2014; Mirmohammadi, 2014; 
Markiewicz-Górka et al. 2015), cancer (Zhang et al. 
2014; Kim et al. 2017) and other chronic diseases. 
Researches on rats’ brain, made by Bhuvaneswari 
et al. (2014), have shown significant results 
regarding the a-tocopherol protective role against 
the Mn toxicity effects.  
Mn phytotoxicity, as stress factor in plants in 
natural systems, was reported by Schubert (1992) and Fernando and Lynch (2015). They indicated 
as symptoms for Mn toxicity the leaf interveinal 
chlorosis and darkening of old foliage. One of the 
most important factors that determine the Mn 
phytotoxicity is the soil pH under 5.0, followed 
by irrational application of Mn foliar fertilizers 
(Schubert, 1992).  
The aim of this research was to extract valuable 
information of spring Mn content of forage from 
perennial grassland microecosystems situated in 
the west part of Romanian Banat hill region by 
Principal Components & Classification Analysis multivariate technique (StatSoft - Statistica 
Version 10), depending on floristic matrix, soil and 
fertilization data.   
MATERIALS AND METHODS   
It was situated in Banat, Romania (N: 45º12’ 
latitude; E: 21º60’ longitude), the selected 
perennial grassland microecosystems fertilized 
since 2003. Calcic Luvisol characterized the 
grassland. In Banat County is temperate 
continental with Mediterranean influences clime. 
The soil multiannual average temperature (5-10 
cm) is generally under 0period, and higher than 
5ooC in December-January C beginning with the 
second decade of April (Ianos et al., 1997).  According to the Meteorological Station 
Archive (Oravita, Caras-Severin), the number of 
the days with temperature higher than 25ºC in 
December 2007-March 2008 period was zero, 
while in April 2008 and May 2008 was 1 day, 
respectively 11 days. The temperatures under 0ºC 
recorded in 23 days of December 2007, in 17 days 
of January 2008, in 10 days of February 2008 and 
in 4 days of March 2008. During April-May 2008 
period was not detected temperatures under 0ºC 
in the grassland microecosystems (Meteorological 
Station Archive of Oravita, Caras-Severin). 
Harmanescu (2012) described the perennial 
grassland experimental site organizing and fertil-
ization management systems. Mineral fertilizers 
were superphosphate, ammonium nitrate, potas-
sium salt and NPK mineral complex. The organic 
fertilizer applied was fermented sheep manure, 
with 390 ppm Mn (U=61%). The microecosystems 
notation was the following: O1-O3 for exclusive 
organic fertilization, OM1-OM3 for mixed organic 
– mineral fertilizers application and M1-M3 for 
exclusive mineral fertilization system. The un-
fertilized case was distinct identified by “M”. Five 
replications for each microecosystem were orga-
nized (25m2/trial), in complete randomized block 
design.
The spring Mn content in the middle and at 
the end of May was monitor by ContrAA300 High-
Resolution Continuum Source spectrometer of 
Analytik Jena. The vegetal samples burn, the Mn 
extraction protocol, the percent recovery mean and 
detection limit, and the Mn quantification using 
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flame atomic absorption spectrometry procedure 
were described by Gergen and Harmanescu 
(2012). It was reported as ppm the results for 
Mn content. It was determined the soil hydrolysis 
pH values respecting SR ISO 10390/1999. It 
was quantified the humus content by Walklay – 
Black – Gogoasa, the soil total nitrogen content 
by Kjeldahl method and phosphorus/potassium 
content in mobile form by Egner-Riehm-Domingo method (Stoica et al., 1986). Floristic matrix 
was established gravimetric as %. It was used a 
number of 17 variables to compute the PC&CA by 
StatSoft - STATISTICA Version 10.  
RESULTS AND DISCUSSIONS   
In Romania, the grassland forage is one of the 
most important feed resources for ruminants for 
more than 8 months yearly, during all spring, sum-
mer and autumn. Only in winter (late November to 
the first decade of March), the ruminants are kept 
and feed indoor when the negative temperatures 
determine a forage deficit. That’s way is recom-
mendable that farmers develop a sustainable pas-
toral system when design the grassland manage-
ment, especially in perennial grassland case. Can 
be PC&CA a flexible and useful tool for Mn content monitoring in different grassland management in 
terms of floristic matrix components, soil charac-
teristics and fertilization data?  
For PC&CA multivariate model, in this re-
search a number of 17 variables were selected, 
separated in two main groups: 15 active variables 
(the microecosystems conditions) and 2 supple-
mentary variables (representing the spring Mn 
content of forage from perennial grassland micro-
ecosystems of Banat County in the middle and at 
the end of May). 
Regarding the supplementary variables, in 
normal soil and clime conditions of Banat hills, 
without fertilization, the perennial grassland 
forage had 100 ppm Mn in the middle of May 
and 86 ppm Mn at the end of May. The exclusive 
fermented sheep manure application at each two 
years, since 2003, decreased the spring Mn content 
of grassland forage reported to unfertilized 
microecosystem, the average values being 89 
ppm in the middle of May and 66ppm at the end 
of May. Mineral fertilizers applied in perennial 
grassland microecosystems increased the Mn 
content of forage, mixed or not with fermented 
sheep manure, in both studied periods, reported 
to unfertilized and exclusive organic fertilized 
management systems. The mineral-organic 
fertilization increased the Mn content of forage to 
168 ppm in the middle of May, and to 88 ppm at the 
end of May, while exclusive mineral fertilization to 
222 ppm, respectively 141 ppm.    
The 15 active variables of PC&CA model were: 
soil characteristics (pH, Humus, nitrogen content 
by Kjeldahl method, phosphorus - Pm and potas-
sium – Km content in mobile form), fermented 
sheep manure and NPK mineral fertilization data 
and floristic matrix represented by Ce% - Cala-
magrostis epigejos, Fr% - Festuca rupicola, Tr% - Trifolium repens, Fv% - Filipendula vulgaris, Ib – 
Inula britanica and Rc% - Rosa canina. 
The soil humus in unfertilized microecosystem 
was 5.8%. Organic fertilization increased the humus 
average value to 6.3 % in O1-O3 microecosystems, 
with the increasing the fermented sheep manure 
dose, and to 7.3% in OM1-OM3 microecosystems. 
In exclusive mineral fertilization cases, the average 
value of soil humus was 6.3%.  
The soil pH was 6.1 in the normal conditions 
of spring Banat hill without fertilization (M 
case). The soil pH values increased with the 
increasing of fermented sheep doses in exclusive 
organic fertilized microecosystems, the average 
value being 6.2. Also 6.2 was the average value 
of soil pH for OM1 and OM2, while in OM3 case 
decreased to 6.1. In exclusive mineral fertilized 
microecosystems, the average value of soil pH was 
5.8.  
To complete more the soil characteristics 
of perennial grassland microecosystems, it was 
determined the phosphorus – mobile form (ppm), 
potassium – mobile form (ppm) and Kjeldahl 
nitrogen content (%). Phosphorus and potassium 
contents in mobile form, quantified in the 
unfertilized grassland microecosystem, were 58 
ppm, respectively 209 ppm. Reported to the natural 
soil conditions of Banat hill, the fertilization with 
fermented sheep manure, exclusive or mixed with 
mineral fertilizers, or only exclusive by mineral 
fertilizers (NPK), increased the Pm and Km 
average values: 68 ppm and 219 ppm (O1-O3); 78 
ppm and 230ppm (OM1-OM3); 61 ppm and 219 
ppm (M1-M3). Comparatively with unfertilized 
perennial grassland microecosystem, where the 
Kjeldahl soil nitrogen was 0.26%, the organic and 
mineral fertilization, exclusive or mixed, increased the average values of this qualitative indicator of 
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soil to 0.37% in O1-O3, 0.35% in OM1-OM3 and 
0.31% in M1-M3 cases.        
The symphony of plant species matrix 
represents always a natural mirror of grassland 
forage nutritive and energetic quality. The dairy 
and beef ruminants’ production and animal 
performance depend by the nutrients management 
of grassland forage. The high diversity of valuable 
plants species, which complete the floristic puzzle 
of Banat hill perennial grasslands covering, can 
assure an animal feeding rich in many valuable 
nutrients. From spring to the late autumn, in 
the studied perennial grassland covering it was 
identified more than 50 plants species as biomass 
components from Poaceae, Fabaceae and others 
botanical families. A number of 6 parameters 
representatives for perennial grassland floristic 
matrix were selected for PC&CA model. 
In spring, in the soil, temperature and rainfall 
conditions of Banat hill, Calamagrostis epigejos (Ce%) and Festuca rupicola (Fr%) were quanti-
fied gravimetrically in the highest percents from 
Poaceae family. Ce% was not detected in unferti-
lized microecosystem in May. In organic farming 
microecosystems, the average value of Ce% pres-
ence was 4% and in organic-mineral mixed fertili-
zation management increased to 5%. The exclusive 
mineral fertilization management stimulated the 
presence of Ce%, the average value being 45%. In 
Fr% case, the different fertilization managements 
decreased its presence in perennial grassland mi-
croecosystems, from 37% in unfertilized case, to 
the following average values: 10% (O1-O3), 16% 
(OM1-OM3) and 24% (M1-M3) respectively, in 
this period of the year.     Trifolium repens (Tr%) was the native plant dominant of Fabaceae family in the grassland 
covering in spring conditions of Banat hill. When 
the dynamic of soil nutrients, clime conditions 
and fertilization management of grassland are 
optimum, the presence of this plant achieved 
even 46% (O2) in perennial forage biomass of 
grassland. The average value of Tr% presence 
in the forage of grassland microecosystems 
fertilized exclusive with fermented sheep manure 
was 43%. In organic – mineral fertilization 
management (OM1-OM3), the forage of grasslands 
microecosystems had 18% Tr% (average value), 27% in OM1 and OM2 (average value) and 1% in 
OM3 because of fertilization with a supplement 
of 50 kg/ha mineral nitrogen. In OM3 was 
quantified gravimetrically the same presence of 
Tr% as in unfertilized grassland microecosystem 
(M). In M1-M3 cases, the presence of Tr% was 
under 0.5% because of the substances flows and 
soil conditions influenced by the exclusive NPK 
mineral fertilization management.             
From others botanical families were iden-
tified in the highest quantity Inula britanica 
(Ib%), Filipendula vulgaris (Fv%) and Rosa 
canina (Rc%), the last being inconsumable for animals. In M microecosystem, which reflects 
the substances flows in soil and clime conditions 
without fertilizers influence, the presence of Fv% and Rc% was the highest for both plant 
species, 10% and 11% respectively, while for 
Ib% was the smallest for the studied period: 
3%. In exclusive organic fertilization (O1-
O3), the forage had the following Ib%/Fv%/ 
Rc% average values profile: 8%/ 6%/ 3%. In 
exclusive mineral fertilization system (M1-M3) 
the forage had the following Ib%/ Fv%/ Rc% 
average values profile: 5%/ 7%/ 2%, while in 
perennial grassland microecosystems fertilized mixed organic – mineral the average values 
profile was 7%/ 6%/ 3%.       
It was introduced all these 17 variables (sup-
plementary and active) in StatSoft - STATISTICA 
(Version 10) matrix to compute the PC&CA model. 
PC&CA was tested that can be use as flexible and 
comprehensive tool to extract valuable informa-
tion regarding the spring Mn content of forage 
from grassland microecosystems influenced by 
organic and/or mineral fertilization. The active 
variables of PC&CA multivariate model reflected 
the soil, fertilization management and the floristic 
matrix fingerprinting impact in clime conditions 
of Banat hill on the supplementary variables – the 
Mn content in the middle and at the end of May of 
the forage from perennial grassland microecosys-
tems.
After the PC&CA multivariate model was com-
puted, it was analyzed the facilities of this statis-tic tool to extract accessible information from the 
representative variables which characterized the 
studied natural process. A number of nine compo-
nents described 100% the quality of the PC&CA 
model. The first three principal components (PC) 
described around 75% of total variance, while PC1 
and PC2 represented more than 61%. The eigen-
values of the first three principal components of 
PC&CA statistical approach were 5.81, 3.43, and 
HARMANESCU
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respectively 1.99. The factor loadings of PC1, PC2 
and PC3 are in Tab. 1.  
The highest positive impact on PC1 had soil pH, 
soil Kjeldahl N (%), soil Pm (ppm), Tr% presence 
in grassland biomass and organic fertilization 
data, while negative values had the following 
parameters: spring Mn content in the middle 
and at the end of May, Ce% presence in grassland 
biomass and NPK mineral fertilization data. The 
representative variables of PC2 with a positive 
impact were Fv% and Rc%, while negative values 
had soil Kjeldahl N (%), Humus (%), soil Pm and 
Km (ppm) and mineral PK fertilization data. On PC3 the Humus (%) and Rc% variables had the 
highest positive impact.  
In Figure 1 the classification of all ten micro-
ecosystems of perennial grassland from Banat hill 
is presented. 
Figure 1 reflects in a comprehensive 2D man-
ner the distribution of all 10 studied microeco-
systems of Banat perennial grassland in five main 
groups based on acquired data. 
First distinct group classified the exclusive 
organic and mixed fertilized microecosystems O2, 
O3, OM1 and OM2. The second group classified 
the exclusive mineral fertilized microecosystems 
M1, M2 and M3 based on the selected quantitative 
characteristics. The mixed organic – mineral 
fertilized grassland microecosystem OM3 
represented the third group, separated by OM1 
and OM2 because of the recorded data influenced 
by the application of 50 kg/ha mineral nitrogen 
supplement. The fourth and fifth groups from 
Figure 1 highlighted the unfertilized M and 
exclusive organic fertilized O1 microecosystems 
based on recorded multiresponse.  
With regard to the monitored variables 
distribution, the PC&CA multivariate approach 
fitted 2D in Figure 2 has good predictive power 
from the point of view of spring Mn content monitoring for the forage from the studied 
microecosystems, based on soil, floristic biomass 
and fertilization data, heaving practical facilities 
as tool in grassland management.
Table 1. The factor loadings of PC&CA statistical approach (PC1, PC2 and PC3)
Variables/PCs PC 1 PC 2 PC 3O 0.928 -0.197 -0.115N -0.821 -0.406 -0.222P -0.541 -0.677 0.204
K -0.675 -0.591 0.248
Soil pH 0.909 0.152 0.345Humus 0.307 -0.610 0.543Soil N 0.678 -0.517 -0.231Pm 0.555 -0.541 0.487
Km 0.228 -0.730 0.331Ce% -0.691 -0.421 -0.441Fr% -0.440 0.369 0.361Tr% 0.871 0.046 -0.236Ib% 0.450 0.114 -0.324Fv% -0.353 0.479 0.486Rc% -0.165 0.610 0.545*Mn1 -0.708 -0.501 -0.042*Mn2 -0.859 -0.359 -0.024
Note: *supplementary variables; Mn 1 – spring content in the middle of May (ppm); Mn 2 – spring content at the end of May (ppm); soil Km and 
Pm (ppm); soil Kjeldahl nitrogen (%); Humus (%). 
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Figure 1. The PC&CA projection of the 10 microecosystems conditions on PC1xPC2 plane
Figure 2. The PC&CA projection of active and supplementary variables on the PC1xPC2 plane
HARMANESCU
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Analyzing the realistic data, it was influenced 
negatively the spring Mn contents of forage by 
fermented sheep manure management system. In the climatic and soil conditions of the hill 
Banat region, the correlation coefficients between 
organic fertilizer data and Mn content of forage 
from grassland microecosystems was -0.65 in the 
middle of May and - 0.70 at the end of May. Organic 
management system based on exclusive fermented 
sheep manure application improved the Trifolium 
repens (%) presence in grassland biomass, the 
correlation coefficient being 0.83. The correlation 
between Trifolium repens (%) presence in 
grassland perennial covering, influenced positively 
by organic fertilization, and spring Mn content of 
forage had negative and high coefficient: -0.73 in 
the middle of May and -0.79 at the end of the May. Militimore et al. (1970) observed that in legume 
hay used for ruminants’ feeding is necessary to 
supplement the diet with Mn.   
It is recommended that 2D graph of variables 
multiresponse (Figure 2) be related to the 
correlation coefficients presented in Tab 2.   
In the spring conditions of grassland from Banat 
hill, the mineral fertilization and soil acidifying 
influenced positively the Mn content of perennial 
forage. Between soil pH realistic values and 
spring Mn content of grassland microecosystems 
forage the correlation coefficients were high and 
negatively: -0.69 and -0.86 in the middle and 
respectively at the end of May. The coefficients 
were high and positive for the correlations 
between spring Mn contents and the NPK mineral 
fertilizers data, both in the middle and at the end of 
May: 0.74 and 0.88 in mineral nitrogen case; 0.90 
and 0.69 in mineral phosphorus fertilization case; 
0.75 and 0.81 in mineral potassium fertilization 
case. Mineral fertilization acidified the soil pH and 
increased the presence of Calamagrostis epigejos 
(%) in perennial grassland covering, especially 
mineral nitrogen application, the correlation 
coefficient for Ce (%) – N fertilization data being 
0.9. The Calamagrostis epigejos (%) presence and 
forage Mn content, both in the middle and at the 
end of May, had the correlation coefficients 0.61 
and 0.71 respectively.  
These results have shown that in the Banat 
hill conditions, the Mn spring content of perennial 
grassland forage was higher in exclusive mineral 
fertilization cases than in mixed organic – mineral, 
exclusive organic management or unfertilized 
microecosystems, even the soil Mn average values 
were: 237 ppm (M1-M3), 239 ppm (OM1-OM3), 
249 ppm (O1-O3), and 225 ppm (M). Cheng and 
Ouellette (1970) and Dash et al. (2010) reported 
also that fertilization with mineral nitrogen 
increase the Mn uptake by plants from the soil, 
comparatively with organic fertilizers sources, 
both by soil pH changes and oxidation-reduction 
mechanisms. According with Pedas et al. (2011), 
in organic fertilization case the Mn deficiency 
occurs, correlated with soil phosphorus content 
increasing.  
Considering all the aspects presented in 
this research, PC&CA multivariate technique 
can be a flexible tool to analyze high amount of 
experimental data in a comprehensive way, rapid 
and with a friendly interface, for understand better 
Table 2. The correlation coefficients (selectively) of PC&CA multivariate approach
Varia-










soil Ce% Fr% Tr% Ib% Fv%
Ce% -0.48 0.90 0.48 0.54 -0.45Tr% 0.83 -0.66 -0.58 -0.57 0.70*Mn1 -0.65 0.74 0.90 0.75 -0.69 0.09 -0.26 -0.09 0.09 0.61 0.31 -0.73 -0.03 -0.07*Mn 2 -0.70 0.88 0.69 0.81 -0.86 -0.04 -0.39 -0.28 0.05 0.71 0.44 -0.79 -0.28 0.09
Note: *supplementary variables; Mn 1 – spring content in the middle of May (ppm); Mn 2 – spring content at the end of May (ppm); soil Km and 
Pm (ppm); soil Kjeldahl N (%); Humus (%). 
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the natural complex phenomena from perennial 
grassland influenced by organic and/or mineral 
fertilization, regarding the Mn content of forage in 
spring. PC&CA can be also useful to develop smart 
and sustainable management systems for grassland 
ecosystem, for each territorial administrative unit, 
to obtain natural fortified forage in Mn depending 
on local soil characteristics and clime conditions.  
CONCLUSION   
The recorded data have shown that, in normal 
soil and clime conditions of Banat hills, the highest 
spring Mn content (average value) was determined 
for the forage from exclusive mineral fertilization 
microecosystems of perennial grassland, both in 
the middle and at the end of May, even the highest 
Mn content of soil was in exclusive organic system. Considering the forage of all studied grassland 
microecosystems, the Mn content (average value) 
decreased from the middle to the end of May, 
and from exclusive NPK mineral fertilization, to 
mixed fertilizers application and exclusive organic 
management system. In the middle of month, the 
forage Mn content (average value) was in 89 – 
222 ppm range, while at the end of month varied 
between 66 – 141 ppm. In grassland soil, the 
average value of Mn content decreased from 249 
ppm in organic management system, to 239 ppm 
in mixed fertilization microecosystems, 237 ppm 
in exclusive NPK mineral fertilization cases and 
225 ppm in unfertilized trial.       
PC&CA multivariate technique, used as 
statistical tool to analyze the 17 variables for 
the ten studied microecosystems, extracted 
useful information regarding the bioavailability 
of soil Mn for grassland plants, depending on 
soil acidification by fertilization in local clime 
conditions. The exclusive NPK mineral fertilization 
management determined the acidification of soil 
and increasing of Mn uptake by the grassland 
plants. The correlation coefficients highlighted 
also the positive influence of nitrogen mineral 
fertilizers on Calamagrostis epigejos  presence 
in grassland perennial covering (0.9), and the 
correlation between Ce% and forage Mn content 
in the middle (0.61) and at the end of May (0.71). 
Trifolium repens presence was stimulated by 
fermented sheep manure (0.83), but the forage Mn 
content (average value) in spring was the smallest 
in these microecosystems, both in the middle (89 
ppm) end at the end (66 ppm) of May.       The Mn content of grassland forage should be 
a routine analysis for feed quality estimation. A 
natural functional forage for animals feeding, from 
grassland ecosystem, with an optimum content in 
Mn is recommended.             
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